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AUSTRALIAN GROUND STONE HATCHETS : 
THEIR DESIGN AND DYNAMICS 
Abst rac t  
The genera l  purpose t o o l  of the Australian Aborigines, 
usual ly  known a s  a s tone  axe, is more co r rec t ly  termed a 
ha t che t  s ince  it conforms t o  the  design requirements of a t o o l  
made for one-handed use. Similar implements not s o  conforming 
appear t o  be s p e c i a l  purpose tools .  
A geometrical f e a t u r e  common t o  a l l  these too l s  and 
perhaps t o  o the r  types is the  'median plane '  which determines 
the  pos i t i on  of t h e  edge and governs some of i ts operat ional  
p rope r t i e s .  
Some dynamical f e a t u r e s  of s tone hatchet  heads, the 
design of handles f o r  them and t h e i r  s ecu r i ty  of mounting a re  
examined and compared with the fea tures  of modern s t e e l  
ha tchets .  
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Among the  s tone t o o l s  of t he  Aust ra l ian  Aboriginals  t h e  
gxound edge ha tchet  was the most v e r s a t i l e  and was used over 
an a rea  covering more than three  qua r t e r s  of  t he  cont inent .  
A noted e thnologis t  of t h e  l a s t  century, one of those s t i l l  
in  a pos i t ion  t o  make f i r s t  hand observat ions,  wrote: 
A man never leaves h i s  encampment without 
h i s  hatchet .  With its help he ascends 
t r e e s  almost a s  rap id ly  a s  the  na t ive  bear  
can climb. He cu t s  a notch f o r  h i s  toes, 
and placing the ha tchet  between h i s  t e e t h ,  
s o  a s  t o  s e t  f r e e  h i s  arms, ascends one s t e p ,  
cu t s  another notch, and s o  on u n t i l  t he  
height  he des i r e s  t o  reach is a t t a i n e d .  The 
r ap id i ty  with which he climbs and h i s  
dex te r i t y  would su rp r i se  a s t r ange r .  With 
the  stone axe he cu t s  open limbs o f  t r e e s  t o  
g e t  opossums o u t  of t he  h o l l w s ;  s p l i t s  open 
trunks t o  take o u t  honey o r  grubs o r  eggs o f  
insec ts ;  cu t s  o f f  shee ts  of  bark f o r  h i s  mia 
mia o r  f o r  canoes; c u t s  down trees, and 
shapes the wocd i n t o  sh i e lds  o r  c lubs  o r  
spears;  cu ts  t o  p ieces  the  la rger ,  animals o f  
the  chase, i f  necessary; and s t r i k e s  o f f  
f lakes  of s tone f o r  i n se r t i ng  i n  t h e  heads 
of spears  and f o r  skinning beas t s  and 
cleaning the skins.  With an o l d  tomahawk 
he w i l l  shape from the  rough block of s tone  
a new tomahawk. Its uses a r e  s o  many and 
s o  various t h a t  one cannot enumerate them. 
I t  is s u f f i c i e n t  to  say that a na t ive  
could scarcely maintain exis tence  i n  
Austral ia  i f  deprived of t h i s  implement. 
(Brough Snryth l878:1:379) 
Being a wood-working too l ,  the ha t che t  has  a , 
d i s t r i b u t i o n  coinciding l a rge ly  with the  d i s t r i b u t i o n  o f  
t r e e s ,  the sources of raw material  used i n  its manufacture 
and the  h a b i t a t  of the  arboreal  c r ea tu re s  which were 
important sources of food. The areas  in which ground 
ha tchets  a r e  not found a r e  t h e  t r e e l e s s  d e s e r t s ,  a p a r t  of 
Western Aust ra l ia  where an unground t o o l  was used, and the 
i s l and  of Tasmania (Davidson & McCarthy 1957:426). 
Ground stone technology i n  cont inenta l  Aus t r a l i a  is  
ancient ,  the  o ldes t  known hatchet  heads, from Arnhem Land, 
having an age of some 20,000 years (C. White 1967). There 
a r e  however, very la rge  gaps in the  chronological  record 
and the  use of ground t o o l s  may not have spread t o  the 
southern p a r t s  of the  country e a r l i e r  than about 5000 years  
ago (Mulvaney 1975 : 194) . Dating depends on d iscover ies  i n  
s u f f i c i e n t l y  well s t r a t i f i e d  contexts  and no one has been 
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a b l e  t o  e x h i b i t  a chronological  s e r i e s  of forms even f o r  a 
r e s t r i c t e d  region. The ancient  Arnhem Land specimens a r e  
developed forms and presumably there is a remoter ancestry 
behind them. 
While the re  a r e  some regional  va r i a t ions  i n  form these 
a r e  n e i t h e r  p o s i t i v e  nor exclusive enough t o  permit 
r e l i a b l e  i d e n t i f i c a t i o n  of provenance. I t  is possible t o  
have ha t che t  heads from s i t e s  2500 km apar t  which can be 
d i s t i ngu i shed  only by pe t ro log ica l  analysis .  The range of 
s i z e s  is l a rge  and, i n  most p a r t s  of Aust ra l ia ,  var ies  from 
150 g t o  1500 g while i n  some d i s t r i c t s  there a re  ground 
heads of  2500 g and more. The va r i a t ions  i n  dimensions and 
shape a r e  equal ly  l a rge .  
In t h e  face  o f  such v a r i a b i l i t y  it seems important f o r  
any se r ious  s tudy t o  look f o r  underlying fea tures  
t ranscending temporal, geographical and c u l t u r a l  influences. 
Anv such f ea tu re s  would be of a funct ional  nature,  governed 
by the  purposes the  t o o l  w a s  made t o  serve and its modes of 
use. A p r e r e q u i s i t e  f o r  such an inves t iga t ion  i s  t o  
d i sca rd  c e r t a i n  f a c i l e  b u t  misleading terms and ideas t o  
which we have become accustomed. 
In  t h e  f i r s t  p l ace  it is wrong in s c i e n t i f i c  discourse 
where one has an ob l iga t ion  t o  be p rec i se  t o  t a l k  of 
Aboriginal  s tone  axes even though it is customary t o  do so. 
The Aust ra l ian  Aborigine d i d  not  make axes, but  ha tchets ,  
which d i f f e r  from axes in both construct ion and mode of use. 
An axe is a long-handled implement designed f o r  two-handed 
use  whereas a ha t che t  i s  intended f o r  one-handed use with 
a q u i t e  d i f f e r e n t  ac t ion .  Neither t o o l  is sa t i s f ac to ry  f o r  
use i n  t h e  manner of t h e  o the r ,  as  shown by simple t r i a l .  
The c o r r e c t  name, ha t che t ,  was regular ly  used by e a r l i e r  
w r i t e r s  (Col l ins  l798:2 :S862 , and sometimes the name 
tomahawk (Curr 1886:147). The l a s t  term was taken i n t o  the  
English language in t h e  17th century and, while widely used, 
s t i l l  c a r r i e s  some connotat ion of a f i gh t ing  weapon whereas 
t h e  Aust ra l ian  ha t che t  was ill su i t ed  f o r  a weapon and was 
almost exc lus ive ly  a u t i l i t a r i a n  t o o l  f o r  da i ly  use. 
Our present  misuse of t he  word axe is compounded by 
using it f o r  t h e  s tone  head alone, giving r i s e  t o  t he  
t au to log ica l  term ' ha f t ed  axe8 f o r  a complete hatchet .  
The word h a f t  is in any case  inappropriate .  Reference t o  a 
d i c t iona ry  shows t h a t  it is the  name f o r  the  handle of a 
t o o l  such as a k n i f e ,  a c h i s e l  o r  a gouge where the handle 
and blade a r e  in l i n e  and t h e  t o o l  is operated under pressure.  
For axes, ha tchets  and hamners, i f  any name more s p e c i f i c  than 
handle is needed, t h e  c o r r e c t  word is helve, proper f o r  a t oo l  
t h a t  is swung and opera tes  by impact. This misuse of 
terminology can g ive  r i s e  t o  pseudo-problems as i n  a case 
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where it appeared t o  be a puzzle t h a t  ha tchets  were provided 
with handles 20,000 years ago but  pu t t ing  handles on knives 
and ch i se l s  d id  not  come u n t i l  some 12,000 years l a t e r  
(Mulvaney l969 : 151; 1971 : 374) . The problem r e a l l y  arose from 
the indiscriminate use of t h e  word h a f t  by archaeologis ts  a t  
la rge .  There is in f a c t  no technological coupling between 
helves and h a f t s  to make one the  precedent f o r  t h e  o ther .  
The term 'polished' is one which should be very 
careful ly  used. A polished surface is smookh and brought t o  
so f ine  and glossy a f i n i s h  t h a t  it exh ib i t s  specular  
r e f l e c t i v i t y .  Many European and American c e l t s  were ground 
a l l  over and polished t o  some degree a s  were New Guinean axe 
heads, but  very few Australian hatchet  heads were ground 
beyond the  bevels necessary to form the  edge. Despite 
Davidson's claim t h a t  the  'completely polished axe' is of 
widespread d i s t r ibu t ion  i n  eastern Aust ra l ia  (Davidson 1938), 
Mulvaney is correc t  i n  saying: 
I t  is  r a r e  i n  Austral ia  for axes t o  have 
been ground a l l  over and polished forms, 
s o  common in  Melanesia, are v i r t u a l l y  
unrecorded. (Mulvaney 1975:194) 
Though many of the kinds of stone used by the Austral ian 
Aborigines can be polished, those commonly s o  t r ea ted  i n  
o ther  p a r t s  of the  world, f l i n t ,  obsidian and nephr i te ,  w e r e  
r a r e  o r  not  available a t  a l l .  Austral ian hatchet  heads w e r e  
made from a wide va r i e ty  of igneous and metamorphic rocks 
ranging from microcrystal l ine t o  coarse grained s t ruc tu res .  
A typica l  col lec t ion  labelled 'Stone Axes' comprises a 
number of pieces of stone which have one important f ea tu re  
i n  canmnon: a ground edge. By way o f  desc r ip t ive  
c l a s s i f i c a t i o n  one can s e t  up ar rays  of  measurable t r a i t s ,  t o  
t h e  limit on one-specimen c lasses ,  and make sophis t ica ted  
s t a t i s t i c a l  analyses. Whether the  r e s u l t  is anything more 
than a f e a t  of technical  p r e s t i d i g i t a t i o n  depends on the  
p o s s i b i l i t y  of constructing a meta-system of f ea tu re  
s i g n i f  icances behind it (Spaulbing 1953; Whallon 1972) , I n  
respect  of 'axes'  Tugby (1958) has claimed t h a t  Austral ian 
typologies, pa r t i cu la r ly  h i s  own, are functional .  He did  not ,  
however, r e l a t e  t r a i t s  t o  operat ions that would demonstrate t h e i r  
functional  qual i ty  and far from the 'perceptual  uni ty  of the  
whole in the  eyes of the a r t e f a c t  maker' he reverted t o  the eyes 
of the archaeologist (p.24) : 
The t r a i t s  used a re ,  in f a c t ,  those which 
a re  conceived by the  archaeologist  on 
general grounds such as the known 
manufacturing techniques f o r  axes .,. . 
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The techniques of manufacture would indeed be functional 
i n  a study of grinding technology but it is the finished edge 
t ha t  is functional i n  a hatched head, not the method by which 
it was formed. In f a c t  the other so-called functional 
typologies (Kenyon & S t i r l i n g  1900; Mitchell 1949) are not 
wholly functional,  even a t  the f i r s t  and broadest levels. 
The functional t r a i t s  of an implement are those which 
make it f i t  and proper fo r  the purposes for  which it was 
made, They show why the thing was made as it was and the t e s t s  
fo r  presumed functional t r a i t s  are clearly operational t e s t s .  
Those t r a i t s  which reveal the techniques of manufacture in the 
finished product a re  accidental  in tha t  they re f lec t  the 
features  of the raw material  and the methods the tool maker 
chose to deal with them. Selection is the f i r s t  stage in 
manufacture, picking the  mos t  promising blank that  the stream- 
bed, the quarry and good luck provide. To a large extent the 
ultimate measurable t r a i t s  a re  more accidental than contrived. 
For a t r a i t  t o  be cal led functional it is not enough for it t o  
be compatible with operation; it must be shown t o  be 
operationally required. 
Underlying these typological schemes is an assumption tha t  
w e  can always recognise the objects a s  members of the c lass  of 
so-called ' stone axes ' . While often true,  t h i s  is not 
guaranteed. A par t i cu la r  ground stone may have been a hatchet 
head, a hand-held chopper, a wedge, a chisel  o r  adze or some 
combination of these. These possible uses correspond t o  a 
considerable extent  with those of American ce l t s  as described 
by Somenfeld (1962:56) from h i s  own observations and those of 
e a r l i e r  invest igators ,  with similar problems in  determining 
function. In f a c t  the only specimens for which we can be 
ce r ta in  a re  hatchets complete with head and handle, though we 
can be reasonably sure t ha t  a putative hatchet head has been 
one a t  some time i f  it has suitably placed gum s t i l l  adhering 
o r  a groove worked round it. 
So important and pers i s ten t  a tool as the stone hatchet 
warrants a study going deeper than mere descriptions of 
super f ic ia l  features.  An investigation of the dynamics of i ts  
operation may reveal necessary functional features transcending 
accidental  and s t y l i s t i c  t r a i t s  and, i f  so, such features w i l l  
be dynamically s ignif icant .  A hatchet in use is part  of a 
dynamical system which includes the user and the workpiece. I t  
follows tha t ,  in  the case of a stone hatchet head, any 
functional features w i l l  be those of a component, not of a 
complete tool.  
Most ground stone hatchet heads have an edge which is 
curved in plan but s t r a i gh t  in prof i le .  The curvature i n  plan 
i s  a natural  r e su l t  of the grinding process, as shown i n  my 
e a r l i e r  work (Dickson 1972). I t  is rather d i f f i cu l t  to  grind 
an edge which i s  curved in  plan and i t  i s  a disadvantage in  
normal use. Seen in  p rof i l e  the edge of most stone hatchets is 
Archived at Flinders University: dspace.flinders.edu.au
straight,  that is, the two ground bevels of the blade, which 
are surfaces of compound curvature, meet in a plane. I f  the 
edge is appreciably curved in profi le ,  the hatchet head in 
use w i l l  be subjected t o  strong forces tending t o  break it 
in the direction of least  strength, its thickness, and 
specimens with such curvature are camanonly found broken. 
The straightness in profile,  unlike the curvature in 
plan, does not come naturally in the grinding process but 
requires some special effort  to produce it. While 
investigating the technique of grinding I found tha t  one does 
not only take care t o  grind the edge s t ra ight  but also, 
apparently by instinct,  to  ensure tha t  it is in a particular 
position. A l i t t l e  thought shws that t h i s  position does not 
relate to  a l ine axis in the stone but to  a defini te  plane. 
This plane, in which the edge l i e s ,  is  highly significant and 
so deserves a name. According to the dictionary I may c a l l  
it the median plane. I t  is not jus t  a plane in  which the 
edge happens to l i e  but rather it is  a pre-existent 
determining plane t o  which the edge is  adjusted. A well made 
hatchet head w i l l  be mass-symaetrical about the median plane 
and the ground bevels w i l l  make equal angles t o  it, though it 
may be necessary t o  do more grinding on one side t o  achieve 
th is ,  resulting in a greater bevelled area on that  side. The 
plane intersects the butt  nearly centrally. For good balance 
it ought not be displaced by more than a quarter of the 
thickness of the butt  and then only so much where there is 
extra mass on that side lower down t o  help the balance. When 
a head is mounted to  a helve the plane is para l le l  t o  and 
close to the centre l ine of t h e  helve which  laces the edge 
in its proper orientation. Because of the dynamic working of 
a hatchet and the impulsive forces on impact, serious 
deviation from any of these relations with the median plane 
w i l l  result  i n  a tool bad t o  handle and t o  use with precision. 
So far ,  a f te r  examining close t o  a thousand Australian 
hatchet heads and several hundred New Guinean axe heads, I 
have not seen any in which the position of the median plane 
could not be determined. The vast majority conform closely 
to  the plane whereas those that did not were ill-made and 
mos t  of them fractured due t o  curvature of the edge out of the 
plane. 
For a hatchet maker with some experience it is easy t o  
locate the median plane in a blank. If  the disposition of 
the stone about it is promising then the blank w i l l  almost 
certainly make a good head. It also enables the maker t o  
determine how much dressing may be needed t o  bring the blank 
into sufficient conformity. W i t h  practice, the position of 
the median plane in a blank can be determined with reasonable 
precision, often within 2 mm. I have not yet closely 
examined other kinds of tools in terms of the median plane 
but I have observed conformity t o  it i n  several bifacial ly 
flaked choppers from North Queensland. I n  passing, we may 
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not ice  t h a t  i n  s e l ec t ing  a blank f o r  a ground s tone  adze t h e  
median plane is  equally s i g n i f i c a n t  bu t  i n  t h i s  case  what w i l l  
be the d i s t a l  face of t he  b u t t  should coincide with the plane 
and t h e  blade end should be of a shape such t h a t  t h e  edge, 
l y ing  i n  the plane, w i l l  have the bevels a t  unequal angles.  
For b e s t  operation the  blade of an adze i s  h ighly  b i a s sed  s o  
t h a t  t he  proximal bevel,  i f  any, is e s s e n t i a l l y  f l a t  and l i e s  
i n  t h e  plane, 
S t i l l  looking a t  a s tone hatchet  head i n  p r o f i l e ,  we see  
t h a t  t he  included angle between the  bevels  of  t he  blade,  
normally b isec ted  by it, is usually between 6 0 °  and 9 0 ° .  
Since t h e  bevels a r e  normally curved, the angle is measured 
c lose  t o  the  edge where it is most s i g n i f i c a n t .  I t  is 
a r b i t r a r y  but  convenient t o  define ' c lose '  a s  5 mm from the  
edge. This is very obtuse compared with the  f i n e  blade of  a 
s t e e l  ha tchet  with its angle of 25'.  I n  t echn ica l  language, a 
f ine  blade is one which has a small angle l i k e  a kn i f e  o r  a 
well  ground chise l .  Fineness and sharpness do not  mean t h e  
same th ing  and have nothing t o  do with one another  nor do 
obtuseness and bluntness. A sharp edge is one where the  
sur faces  t h a t  form it meet with a vanishingly small  rad ius .  
One can make a very sharp edge with a l a r g e  included angle.  
A sharp  edge of 120° w i l l  c u t  a piece of paper l a i d  on a hard 
sur face  j u s t  a s  cleanly a s  one of 20° b u t ,  of course,  the 
penet ra t ion  is small compared with t h a t  of a f ine  edge. On 
this b a s i s  the statement of Sonnenfeld (1962:59) : 
... the smaller  t he  edge angle o r  the l a r g e r  
the taper  rad ius  the  sharper t h e  edge ... 
is seen t o  be a misconception of what is r e a l l y  an elementary 
matter of enqineering. 
The edge of a stone ha tchet  is obtuse because s tone  is 
a b r i t t l e  material.  It is quite possible t o  make a s tone  
ha tchet  with a blade a s  f i n e  as 2S0 but  it would be f o o l i s h  
t o  do s o  knowing t h a t  it would be sha t t e r ed  by a couple of  
smart b l w s  on a piece of wood. The Aborigines l e a k e d  long 
ago to  make a working compromise between f ineness  and 
du rab i l i t y .  A recent  inves t iga t ion  of kn i f e  edges has  shown 
the dependence of d u r a b i l i t y  upon obtuseness (CSIRO: 1971) . 
These basic fea tures  of s tone ha tchet  heads permit  wide 
va r i a t ions  in shape, s i z e  and weight. There is no ques t ion  
of an idea l  hatchet ,  f o r  t he  Aborigines were not  making 
standard products but  things t o  chop wi th ,  from such ma te r i a l s  
a s  they could procure. For what they had t o  do, a poorly 
shaped hatchet  o r  one l i g h t e r  o r  heavier  than one might wish 
was i n f i n i t e l y  b e t t e r  than no hatchet  at a l l .  
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Fig.1. Hatchet head 144 X 104 x 36 m. 
weight 1035 g. Profi le shows relation 
to e d f a n  Plane 
~ 1 9 . 2 .  natchct h ~ d  with cdgt CUWWJ 
out of Median Planc. fractured i n  use 
Flg.3. k t i m  o f  stone hatchet n o m l  to  wood and a t  m angle 
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I t  is now appropriate t o  consider how a stone hatchet 
operates in  i t s  dynamical system. Very few of us have had 
any experience i n  the use of a stone hatchet but many have 
used, a f t e r  a fashion, a s t e e l  one. I t  w i l l  accordingly be 
helpful  t o  exh ib i t  some s imi la r i t i e s  and contrasts  between 
the two in  chopping wood. S tee l  hatchets are highly 
standardised too l s  mass produced t o  now t radi t ional  
dimensions with a 12" helve and a 1% l b  head. In metric 
countries they a re  made with 30 c m  helves and 700 g heads, a 
wholly ins ign i f i can t  difference.  This t radi t ional  design i s  
an empirical consequence of the usual build and musculature 
of modern Homo sapiens. They have edges curved in  plan and . 
f ine  blades of 25O. In swinging a hatchet the w r i s t  i s  kept 
s t r a i g h t  and the  main centre of motion i s  the elbow joint ,  
with a smaller component of motion from the shoulder, except 
in  heavy chopping, when the shoulder becomes the main pivot. 
In e i t h e r  case the swing seldom exceeds 90°. The action of 
the muscles is t o  accelerate the hatchet head from r e s t  a t  
the top of the  swing t o  its maximum velocity a t  impact. A t  
the ins tan t  of impact the work of the muscles is done but 
they cannot be suddenly switched off and are s t i l l  taut so, 
with hard wood, we f e e l  a shock transmitted through the 
r i g i d  handle as the head abruptly decelerates. A very l igh t  
springy handle would withstand the load of acceleration and 
would absorb the shock as is indeed the case with a typical  
stone hatchet  handle. A s t e e l  hatchet, however, can b i t e  
deeply and s t i c k  f a s t  i n  the cut. That is why it is 
provided with a r i g i d  handle of deep section,  t o  withstand 
the heavy load of heaving the blade out of the cut, i n  which 
process m o s t  of the breakage of handles occurs. 
I t  is  t o  minimise t h i s  tendency t o  s t i ck  f a s t  that the 
edge of the  s t e e l  tool  is curved and its fineness s e t  a t  2 S 0 ,  
anything f i n e r  is almost cer ta in  t o  s t ick  while a greater 
angle would unduly reduce the  depth of cut. In a typical  
blow directed transversely across the grain and a t  45'  t o  it 
longitudinally,  the edge severs the wood f ibres  and the blade 
a c t s  a s  a wedge compressing them against the bulk wood on one 
s ide  and forcing them outwards on the other,  breaking the i r  
longitudinal  cohesion. The mechanical advantage of a wedge 
i s  l / s in  9 where 0 i s  the included angle, which clearly shows 
the benef i t  of making the blade as f ine  as possible without 
danger of s t icking.  Energy is consumed in  both severing and 
wedging the wood f ib res  but,  f o r  a s t e e l  hatchet, f r i c t iona l  
res is tance absorbs the g rea tes t  share. Frict ion increases 
rapidly with the depth of cu t ,  because of the increasing area 
of the blade i n  contact with the wood and is further increased 
by the tendency f o r  resinous matter to  adhere strongly to the 
blade, e f fec t ive ly  reducing the sl ipperiness of its smooth 
surface.. 
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Now in a stone hatchet the obtuse blade has a very poor 
mechanical advantage as a wedge and the angle of attack is 
severely limited. I f  we s t r ike  a t  a large angle with a 60° 
blade most of the available energy is expended i n  compressing 
wood fibres with shallow penetration and l i t t l e  cutting. It  
is often said that  a stone hatchet works by bruising its way 
through the wood and th is  is true for  such a brute force 
approach (Dunbar 1943) . A ski l led user, hyeve r ,  can do 
better than that by striking a t  the smallest angle that  does 
not result  i n  a glancing blow. Thus in a b l w  with a 60° 
blade directed a t  40° to  the grain the inner face of the 
blade is a t  10° to  the wood and the outer face a t  70°. The 
sharp edge w i l l  s l ice  the fibres bet ter  a t  t h i s  low angle 
while the outer face of the blade prises up the f ibres  a t  20' 
less  than a right angle. The resu l t  is the l i f t i n g  of wood 
as fair ly long thick parings. In th is  way a trunk can be 
severed i n  a manner similar t o  the use of a s t e e l  hatchet but 
the gash in the trunk w i l l  necessarily be wider and it w i l l  
take longer to  complete the operation. Once again energy is 
expended i n  cutting, wedging and in fr ic t ion.  Because of the 
small penetration and smaller blade areas involved f r ic t ion  
is not so great a factor as with a s t ee l  blade, even though 
the stone surface is not normally as smooth. 
A stone hatchet does not b i t e  deeply enough for  the 
blade to  s t ick i n  the cut, hence the handle need not be very 
rigid. Surviving examples and ear l ie r  accounts s h w  that  the 
handles were usually rather f lexible  and springy (Mitchell 
1839:2:343), from which t w o  advantages accrue. The shock on 
impact i s  largely absorbed in flexing of the handle which is 
better for the user and secondly the s t ress  on the bond 
between head and handle is minimised. In fac t ,  unless it 
has been badly executed or weakened through age and long use, 
a gum or beeswax bond with good lashing is remarkably secure, 
even without grooving the head. O u r  experience with s t ee l  
hatchets tends to make us over-estimate quite largely the 
strength of bond needed for a stone hatchet. 
The use of a hatchet produces characteristic wear marks 
on the ground bevels, ranging from the f ine scratches to  
deep scours often 10 mu or more long. Scours are  not often 
produced i n  replicative experiments, whereas in the rea l  
case there was always a prospect of sand or g r i t  finding its 
way into the work. Such marks are usually a t  an angle, 
perhaps as large as 20' t o  the axis of the head, a consequence 
of the curved path when swung and are more or less  tangential 
to  the arc of swing. A large angle indicates a long swing and 
correspondingly vigorous operation whereas a small angle 
suggests short chipping strokes. It is possible to  t e l l  which 
way round the head was mounted t o  the handle as the upper ends 
of the scratches are directed away from it. 
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The next  considerat ion is the k i n e t i c  energy expended in  
chopping. As s a i d  before it i s  supplied by the  muscles and 
s to red ,  mainly i n  t h e  ha tchet  head, by its acce lera t ion  t o  a 
high ve loc i ty .  From the  well-known expression E = Ji mv2, 
where m is the  e f f e c t i v e  mass of the  too l  and v i ts ve loc i ty  
on impact, it i s  c l e a r  t h a t  t h e  energy can be increased i n  
two ways, by increas ing  e i t h e r  m or  v. There a r e ,  however, 
f a c t o r s  l i m i t i n g  what can be done e i t h e r  way. The handle is 
an extension o f  the arm, and t he  typica l  12 inch o r  30 c m  
handle e f f e c t i v e l y  doubles t h e  length of the forearm so  t h a t ,  
f o r  a given angular  ve loc i ty  of swing the l i n e a r  ve loc i ty  of 
t h e  head i s  doubled compared with a chopper he ld  i n  the hand, 
quadrupling the  energy. With a 700 g head on a 30 cm handle 
an impact ve loc i ty  around 4 m/sec can be achieved. Doubling 
t h e  handle length ,  however, w i l l  not generate a proport ionately 
g r e a t e r  ve loc i ty  because, owing t o  i ts mechanical disadvantage, 
g r e a t e r  e f f o r t  is required f o r  the same angular ve loc i ty  and 
t h i s  is simply n o t  ava i l ab le .  Both the  s t r eng th  of muscles 
and t h e  speed with which they can cont rac t  a r e  l imi ted .  Not 
only is the re  l i t t l e  t o  be gained from a long handle in  
r e spec t  of k i n e t i c  energy, t he re  is  a l o s s  of d i r ec t iona l  
con t ro l  over t he  po in t  of impact. 
The energy increases  a s  t he  f i r s t  power of t he  mass fo r  
a given te rminal  ve loc i ty  b u t  a heavy head i n  sustained work 
cannot be acce lera ted  a s  smart ly a s  a l i g h t e r  one so t h a t  
t h e r e  is r e l a t i v e l y  l i t t l e  t o  be gained by a la rge  increase 
i n  head mass. I t  cones back t o  the  question of how f a s t  t he  
arm can turn about i ts  j o i n t s  under given loads. Apart from 
heavy work l i k e  f e l l i n g  t r e e s ,  a f a i r l y  l i g h t  head w i l l  serve 
f o r  many purposes. 
I t  seems reasonable t o  suppose t h a t  much of the work 
done with l i g h t  weight ha tchets  w a s  chipping r a t h e r  than 
chopping. Thus a head of only 140 g on a 29 cm helve proved 
very s u i t a b l e  f o r  debarking and point ing a digging s t i c k  o r  
f o r  hollowing out  a broad p iece  of wood, i ts narrow 44 rmn 
blade and f i n e  5 2 O  edge being advantageous f o r  such work. On 
t he  o the r  hand it took ha l f  an hour t o  chop through a 75 mm 
sec t ion  of hard sap l ing  and the  work was very t i r i n g .  
The use of an axe can f a i r l y  be ca l l ed  a whole-body 
performance. The two-handed g r i p  with one hand i n i t i a l l y  far 
up the  helve bu t  s l i d i n g  back t o  the  o ther  as d i rec t iona l  
con t ro l  is es t ab l i shed ,  enables the 80 cm helve, the extended 
arms and f l ex ing  body t o  provide a large radius  of swing. 
During t h i s  long swing of some 120" there  is time fo r  the 
combined power of many muscles t o  impart a high ve loc i ty  t o  
the  head, perhaps twice t h a t  of a hatchet  despi te  the grea ter  
mass. S t e e 1  axe heads come i n  weights of 3%, 4 ,  44 and 5 lb 
o r  t h e i r  near  met r ic  equiva lents .  The five-pounder is a t o o l  
f o r  s k i l l e d  and strong-muscled axemen; t he  axe-makers t e l l  me 
that t he re  a r e  few today who r e a l l y  use it. 
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No so-called Aboriginal axe can be used in  such a manner 
because the handle is short and not made for  a sliding grip. 
Complete stone hatchets are rare compared with heads but the 
75 specimens I have been able t o  measure have an average helve 
length of 29.7 m, Of these three were exceptionally long a t  
42, 42.5 and 46 cm. They are s t i l l  considerably shorter than 
the 60 cm helve of what is technically called a half-axe which 
has a 2& l b  or 1100 g head. The s p l i t  helves and bindings 
prevent these specimens from being used with a s l iding grip; 
they are indeed hatchets and the handles are still of a 
length for them t o  be conveniently carried about stuck inside 
the waist-band in typical Aboriginal s tyle .  
From the well-knamr wide range of sizes,  it is clear t ha t  
Aboriginal hatchet heads d i f f e r  greatly i n  mass. With the 
exceptions of the giant types from Cape York (Wolston & Colliver, 
19731, and very small specimens that may have been mounted 
chisels, there is a range of about 12:l in mass f rom 250 g t o  
3000 g. Measurements of 503 specimens and the weights of 173 
made available t o  me by Dr I. McBryde, give a median weight i n  
the range 600 g t o  700 g. The distribution, which has not yet  
been analysed, is obviously skewed, with 280 heads between 
250 g and 500 g. 
The large proportion of law mass heads is consistent with 
the dynamical considerations discussed above, abut represents 
more strongly another design criterion combined with a natural 
phenomenon. Field observation suggests that blanks of desirable 
form are most readily obtainable in the smaller sizes.  From the 
tool maker's point of view these have a marked advantage over 
the massive blanks. In an experimental case, t o  make a head of 
980 g it was necessary to grind away 103 g of stone while for  
one of 302 g only 20.8 g was removed. In direct  mechanical 
terms only one f i f t h  as  much work had t o  be done but in  dynamics 
of grinding the advantage is even greater as the smaller area of 
contact results i n  higher grinding pressure fo r  a given e f fo r t .  
A s  might be expected on both dynamical grounds and from the 
relative scar.city of large favourably shaped blanks, heads 
between 1500 and 1800 g are rare. There does, however, appear 
to  be a group ranging from 2500 g t o  3000 g. According t o  
H o w i t t ,  i n  the Cooper's Creek region, massive heads were used 
held i n  the hand ( H w i t t  1876). Hand choppers of 900 g t o  
1500 g can be used single-handed with the blade paral lel  t o  the 
arm or nearly a t  right angles. The former position is more 
suitable for spl i t t ing and the l a t t e r  for  paring in  an adze-like 
manner. Neither mode necessitates positive design features,  
only that the butt  shall  not be excessively tapered. As Sollas 
quoted: 
... it is not so much the f l i nz  tha t  f i t s  
the hand as the hand that f i t s  the f l i n t .  
(Sollas 1924) 
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The heavier heads of 2000 g t o  3000 g ca l l  for  two-handed 
use and there is no way to hold the tool with its edge para l le l  
to the arm. Mechanically, there is a preference for a but t  
tapering in breadth so that the hands are inclined towards each 
other as th is  gives a dis t inct ly bet ter  grip. Whether 
one-handers or two-handers such stones are neither hatchets nor 
axes but hand choppers and tools in  the i r  own right.  
However, Brough Smyth claims the massive heads of 4 lb t o  
6 lb were provided with helves and used for  sp l i t t i ng  hollow 
trees to  get possums (1878: 1: 369) . Some t r i a l s  with heads of 
2260, 2330 and 2350 g with helves of 36, 33 and 35 cm 
respectively, show that  these must be used two-handed., The 
action, however, is  not real ly that  of an axe because of the 
short helve and the effective swing is limited t o  about 90°. 
While certainly useful for sp l i t t ing  a hollow trunk with a few 
centimetres thickness of wood they are poorly suited for other 
work, being too heavy and clumsy for  comfortable use. They 
appear t o  have been designed for t h i s  special purpose and 
might better be described as  sp l i t t e r s  than as hatchets o r  
axes. 
Reference has already been made to the f lex ib i l i ty  of 
Aboriginal hatchet handles as  contributing t o  the security of 
the bond with the head. A caaamonly used form bf handle was 
a stick about 25 mm or  a l i t t l e  more in diameter s p l i t  
lengthwise, bent around the head and t ight ly bound. 
Alternatively a similar piece might be cut from a trunk. I n  
either case it was not a deep section l ike  the handle of a 
s teel  hatchet. In general bending the handle round the head 
was achieved by heating the green s t ick  over a l o w  f i r e  o r  
in hot ashes and sand, heating, bending and reheating 
progressively unt i l  the st ick is doubled round the stone head. 
Not every kind of wood can be so bent and, even with the more 
amenable species, a thickness of 12  t o  15 nnn is about as 
large as can be bent without excessive f ibre breakage on the 
outside. 
Even though tightly bound a handle is not secure enough 
for serious work without additional means of bonding which can 
be had in two ways, from the shape of the head or the use of 
adhesives. I f  the head tapers in  thickness t o  the but t ,  
impact tends t o  wedge it t ighter  into the handle. Tapering 
in width is less  effective unless there is a marked change 
of shape, as when the head is 'waisted' o r  'shouldered' t o  
provide a definite mechanical lodgement preventing the head 
from being driven through and out of the handle. Another way 
to produce positive lodgement is by fonning a groove around 
the head on one or both sides into which the handle f i t s .  
This is certainly a very ancient method as is shown by the 
grooving of 20,000 year old specimens from Arnhem Land. It 
may well be more ancient than the use of adhesives. 
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From a technolog ica l  p o i n t  of view the  use of adhesives  
is  more s o p h i s t i c a t e d  than modifying the shape of t h e  head. 
Grooving and wa i s t i ng  a r e  s imple i n  p r i n c i p l e  and execut ion ,  
though o f t e n  ted ious .  Success fu l  app l i c a t i on  of gums and 
r e s i n s  r e q u i r e s  a d e t a i l e d  knowledge o f  t h e i r  p rope r t i e s  and 
cons iderab le  s k i l l  i n  h e a t  t reatment  at moderate temperatures.  
The r e s i n  i t s e l f  o f t e n  c a l l s  f o r  e l abo ra t e  p repara t ion  t o  p u t  
it i n t o  a form and cons i s tency  s u i t a b l e  f o r  app l i c a t i on  t o  
t h e  j o i n t .  While it may be  t h a t  t h e  Aborigines learned about 
grooving h a t c h e t  heads before  they  a r r i v e d  i n  Aus t r a l i a ,  it 
seems probable  t h a t  t h e  use of  r e s i n s  from indigenous p l a n t s  
l i k e  Xanthorrea and hYiodia. was no t  discovered u n t i l  a l a t e r  
s t a g e  i n  t h e i r  occupat ion of  the cont inen t .  
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